DATA AND PERSPECTIVES

Anthropogenic Factors in Land-Use Change in China
GERHARD K. HEILIG THERE ARE FEW places in the world where people have changed the land so intensely and for such a long time as in China (Perkins 1969) . Much of the country's inhabited land had been transformed by human intervention several hundred years ago. The Loess Plateau of northern China, for instance, was completely deforested in preindustrial times (Fang and Xie 1994) . During the early Han Dynasty, in the fourth and third centuries BC, the Chinese started systematic land reclamation and irrigation schemes, converting large areas of natural land into rice paddies. The process, which was scientifically planned and coordinated by subsequent dynastic bureaucracies, reached a first climax in the eleventh and twelfth centuries (Braudel 1990: 159) . In the second half of the eighteenth and first half of the nineteenth century, another period of massive land modification followed .
Some recent land-cover and land-use data
Analyzing land-use data for China is not an easy task. Almost every source has different estimates, even for the most basic statistics. Sometimes the differences are minor or can be explained, sometimes they are beyond comprehension. The data presented below are from various Chinese sources and reflect this situation. I first describe the figures and highlight some of the discrepancies; I then try to explain and evaluate. Table 1 presents basic statistics as they were published in a recent book on land use in China by Wu and Guo ( 1994) . For comparison the table also includes land-use estimates by Sun et al. ( 1994) as well as "official" figures from the 1994 Statistical Yearbook of China. China has a total land area of 960 million hectares (9.6 million km 2 ) .
According to Wu and Guo, some 15 percent is cultivated, about 20 percent is forest and woodland, and grassland covers some 35 percent. More than 22 percent of China's land area is covered by sandy or stony desert (the Gobi being the largest), glaciers and permanent snow, and other marginal lands. Cities, towns, industrial sites, rural settlements, and infrastructure cover some 3.4 percent of the land area. These data differ from official statistics (as published in the Statistical Yearbook of China) and from estimates by other authors in several important respects: 141 -The reported forest/woodland area is larger than the estimates of either Sun et al. or the Statistical Yearbook.
-Inland water bodies and fish ponds are also estimated to be larger in size than in the two other sources.
-The estimate for grassland is 60 million hectares smaller than those from Sun et al. and the Statistical Yearbook. -Infrastructure, rural and urban settlements, and mining and industrial areas are somewhat larger than in Sun et al.
-The most important difference, however, relates to the estimate of cultivated land in Wu and Guo, which is much higher than in the Statistical Yearbook, but comparable to the estimate of Sun et al. This is due to a wellknown problem of underreporting in the Statistical Yearbook, which I discuss later.
In addition to their own estimates, presented in Table 1 , Wu and Guo use data from the Statistical Yearbook (including the underreported "'cultivated land" statistics) to ascertain changes in land use since 1949, shown in Table 2 . According to these official data, the largest change was in forest land, which was extended by 70 million hectares. Other sources have indicated a decline of China's forest and woodland. A possible explanation for the discrepancy is that primary forests in China in fact declined, while the total forest area increased due to new plantings. On the other hand, most experts agree that China's marginal land ("other land") and grassland declined. Wu and Guo estimated the decline at roughly 59 million hectares and 53 million hectares, respectively.
The next largest change in land use was the expansion of settlement areas, mining sites, and transportation infrastructure. According to Wu and Guo these areas increased by about 26 million hectares between 1949 and 1990 . By far the largest proportional change of land use in China was the TABLE2 Changes in land use in China, 1949 and (Wang et al. 1992; Crook 1993) . As displayed in Table 3 , the revised aggregated figures for total cultivated land, based on province-level data, are 139.7 and 137.1 million hectares for 1985 and 1995, respectively. As can be seen from the correction factor, underreporting was especially serious in the provinces of Guizhou (where the cultivated area according to Wang et al. was more than twice as large as reported in the Statistical Yearbooks), Ningxia, Yunnan, and Guangdong/Heinan. ' Based on these revised figures I have calculated both absolute and percentage changes of cultivated land by province. I assumed that the regional pattern of underreporting remained constant between 1985 and 1995. The results indicate a decline of cultivated areas in all but seven provinces; the percent declines are most notable in Shanghai, Guangdong, and Zhejiang. Total cultivated land (based on corrected province-level data) declined by about 2.6 million hectares or 1.9 percent. This decline is significantly smaller than previous estimates (such as given in Brown 1995).
Problems with China's land-use statistics Obviously, there are inconsistencies in the data reported above. Estimates for forest and grassland, for instance, vary considerably. The biggest problem, however, is the underreporting of cultivated areas. Both the 1993 and 1994 Statistical Yearbook of China have acknowledged that published figures for cultivated areas are "underestimated and must be further verified" ( 1994: 329) . In 1994 China's State Land Administration (SLA} and the State Science and Technology Commission (in collaboration with UNDP and FAQ) conducted a major study on land resources, use, and productivity. In a draft version of its main report, the SLA estimates that China's cultivated land area was 125.23 million hectares in the early 1990s (see UNDP et al. 1994: 38) . This estimate is supported by Alexandratos (1996) from FAQ in a recently published paper.
The International Institute for Applied Systems Analysis (IIASA) is conducting a project on land-use change 1 in collaboration with the Chinese Academy of Sciences in which county-level data on agricultural land use are analyzed. Aggregation of these county data produces an estimated cultivated land area of about 135 million hectares. Recently, China's State Land Administration seems to have increased its previous estimate of cultivated land. According to personal communication from Harry van Velthuzen (a consultant to the SLA), the Administration is about to publish a report in which it will raise China's cropland estimate to over 134 million hectares (plus 6.7 million hectares of perennial crops, such as orchards). Finally, my own province-based estimates, shown in Table 3 , resulted in a total cultivated area of 137.1 million hectares in 1995 (as compared to the 95 million hectares reported in the Statistical Yearbook).
In short, we now have three estimates (or, rather, ranges of estimates) of China's cultivated land area in 1992-95, not including orchards:
-the official data from the Statistical Yearbook of 95 million hectares (which is commonly considered too low); -the widely published "corrected" estimates of about 125 million hectares (Ke 1996; Alexandratos 1996; UNDP et al. 1994) ; and -the most recent revised estimates of about 135 to 137 million hectares (Wu and Guo 1994, and my own estimates in Table 3 ).
Thus, in the worst case we have a discrepancy of 42 million hectares, which is more than twice the total arable land of France (a major European agricultural producer); the more likely estimates of 125 and 137 million hectares are still 12 million apart-a figure comparable in size to the total arable land of Germany.
This range of uncertainty is daunting. It has serious consequences for assessing China's food prospects. Brown's ( 1995) widely discussed projection of China's food security, for instance, does not reflect the well-known problem of cropland underreporting-leading him to overestimate current yields and, consequently, to make extremely pessimistic assumptions about the potential for agricultural modernization. Other authors have used cropland estimates similar to the revisions noted above, leading them to more optimistic projections of China's food production capacity (Alexandratos 1996; Huang, Rozelle, and Rosegrant 1995; Islam 1995; Johnson 1994; Paarlberg 1996; Smil 1995) .
The range in uncertainty will be reduced only if reliable data become available, such as from the extensive land survey (comparable to an agricultural census) that was conducted between 1990 and 1992 by the State Land Administration. Unfortunately, the results of that survey have not yet been published. All recently published estimates cited above are based on an earlier agricultural survey conducted by the State Land Administration in the mid-l 980s. It is unclear whether-and especially how-these data were updated to reflect the situation in the mid-l 990s.
A second problem with land-use statistics in China (as in many other parts of the world) is that their attention is heavily biased toward the agricultural sector. While one can now easily find information on cultivated areas in China's Statistical Yearbook and other sources (even if of doubtful validity), few detailed data are published on land areas used for settlements, industrial sites, or infrastructure. This deficit of information on urban and industrial land use is critical, since these are the sectors where land-use changes, recent and prospective, are likely to be most substantial.
Finally, some of the most intense land-use changes in China have occurred only during the past few years, whereas available statistical time series usually end in 1992 or 1993. Even results of the land survey of China from 1990 to 1992, when they become available, will not reflect the most recent changes. Areas used for urban and industrial purposes as well as for infrastructure significantly expanded after 1990.
Definitions: Land-use change versus land-cover change Land-use change-as distinct from land-cover change-is usually an intentional human activity. People use land because they want to extract "resources" (in the widest sense) from the land in order to satisfy their needs for food, water, habitation, energy, mobility, or recreation. Humans also use land to satisfy aesthetic and spiritual ends or political and military ambitions. Land-use activities usually modify the land cover, but sometimes people also reserve land for parks where they try to minimize human interference so that a nearly "natural" land cover can remain or redevelop. No matter which type of land use we want to study, the analysis focuses on human actions and intentions, because they are the main factors that change the land cover. And these factors in turn are determined by demographic, economic, political, and social processes. To restrict a study of land-use change to an inventory or biogeophysical model of land-cover changes would be to focus on the results of the process instead of its causes (Heilig 1994) .
There is, of course, land cover in China that is changed by biochemical and biophysical processes without significant and direct human intervention, such as land that is altered by seismic activities, hydrological processes, or climate change. Natural land can also be changed on a large scale by forest and grassland fires or epidemic plant diseases. Large parts of China are sparsely populated and partly covered by (almost) natural vegetation. Direct human intervention in these areas is so minimal that we can probably analyze and model the vegetation cover in a purely biogeophysical cause-and-effect framework. This, however, is not possible with China's densely populated and cultivated eastern provinces, where most of the land cover is a product of generations of human intervention. This land is not just affected but transformed by human action.
It should also be noted that even where natural land cover exists in China, human activities indirectly affect the biogeophysical process through which the land cover changes. The possible shift of vegetation belts, the migration of plant species, or the land-cover effects of hydrological changes can be linked to global climate change, which is at least partly caused by human activities. Forest and grassland fires are often manmade, and hydrological changes in remote natural areas, such as drying out of rivers, can be caused by excessive water consumption in distant agricultural, industrial, or urban areas.
The following discussion is based on the assumption that future land-use change in China's eastern provinces will be largely determined by five factors:
-the continuing increase of population, -rural-to-urban migration and the emergence of urban agglomerates, -accelerating economic modernization and industrialization, -changes in diets and lifestyles among consumers, and -changing economic and political arrangements and institutions.
Further population increase
Two characteristics of the Chinese population are significant when analyzing land-use changes: the rapid increase in numbers, especially during the past four-and-a-half decades, and the extremely uneven spatial distribution. For more than 1,400 years-during the Han, Sui, Tang, Song, Yuan, and Ming dynasties-the Chinese empires had a population that fluctuated between 37 and 60 million (Ho 1959) . Periods of growth, such as during the last half of the eleventh century (Song dynasty), were reversed by subsequent population decline (Ge 1993) . The first period of sustained population growth in China was recorded between 1749 and 1851, when the population more than doubled, from about 177 to some 430 million. The increasing food demand made it necessary to expand the cropland by a factor of more than four and to improve irrigation. Also, new food crops and high-yield rice varieties were introduced (Banister 1987 ). This growth, however, was followed by a century of relative population stagnation due to the decline and collapse of the dynastic system, the Japanese invasion, and the outbreak of civil war (see Figure 1 ).
In the early seventeenth century, China and Europe had broadly similar population sizes: in 1650 China had a population of about 89 million, while Europe's population was about 103 million (see Figure 2 ). During the ensuing 200 years, population growth in China was more rapid than that in Europe so that in the middle of the nineteenth century China's population size exceeded Europe's by more than 150 million. A century later, in 1950, China and Europe had, again, nearly the same population: 555 million and 549 million. But then a major divergence of trends occurred. While China's population more than doubled since 1950, Europe's population increased more slowly, to 727 million. The most dramatic contrast, however, is expected to emerge during the next few decades: by 2050 China will likely have about 1.5 billion inhabitants, while Europe's population size will probably decline to well below 700 million. Thus, within only one century, China's population will have almost tripled. There are even higher, yet not implausible projections. Lutz and colleagues have es- timated that China's population could increase to 1. 9 billion by 2030 (Lutz, Prinz, and Langgassner 1994) . The International Programs Center of the US Bureau of the Census, on the other hand, has estimated that China's population is likely to increase to only 1.4 billion by 2050 (Johnson 1995) . Recent evidence, reported by Feeney and others, indicates that average Chinese fertility may already have fallen below replacement level during the early 1990s (Feeney and Yuan 1994; Feeney and Wang 1993) . Thus there is little scope for a further fertility decline, which would be the only option to halt China's population growth at a level below 1.4 billion. Neither massive increase of mortality nor large-scale outmigration is plausible. There is even some potential for an increase in fertility if the government relaxes the one-child policy due to widespread frustration with the measure. Taking this into account, I consider the most recent UN projection of 1.52 billion (medium variant, 1996 assessment including Taiwan but excluding Hong Kong) the most plausible (United Nations 1996). This projection seems also to be accepted by most Chinese demographers and politicians (see State Science and Technology Commission 1995).
The second salient characteristic of China's demographic situation is the concentration of its large population into the eastern part of the coun-148 LAND-USE CHANGE IN CHINA FIGURE 2 Population of China and Europe, 1650 , 1749 , 1851 , 1950 ,2050 try, especially the coastal zones. Much of China's land is virtually uninhabited: the Gobi Desert, the steep slopes of the Himalayas, and the vast dry grasslands of the north-central region.
I have used population and area data for 2,550 counties, cities, and city districts from China's Ministry of Public Security to analyze the spatial distribution of the Chinese population in 1992. First, I calculated the densities of all spatial units and sorted them in decreasing order. Then I cumulated both the land areas and the population. Table 4 presents the results, which should be read as follows:
-Nearly 115 million people (or 10 percent of the population) live in an area of only 47,000 km 2 • This is just 0.5 percent of the total land mass of China. The average population density in these most densely populated counties and cities is 2,428 persons per km In short, most of the population of China is concentrated in less than one-third of the country, where the average population density is greater than that of Belgium.
The map in Figure 3 also illustrates the spatial concentration of the Chinese population. It shows those Chinese counties, cities, and city districts that have a density of more than 150 persons per km 2 (gray and black areas). The Yangtze Delta, Sichuan, and the counties and cities along the eastern coast are the main centers of population. On the other hand, 50 percent of the Chinese land mass is very sparsely populated, with a density ranging between 2 persons per km 2 in Tibet to 19 persons per km 2 in Inner Mongolia. Only 3.6 percent of the country's population live in these vast areas.
The highly uneven population distribution of China reflects not only the concentration of arable land in the east, but also the transportation problems of a continental-scale country. Chinese civilization spread along the coastal zones and main rivers, using sea and river transport as a backbone of expansion.
China has not only the largest population of any country, but also large subnational populations of very high density. To give a sense of the specific combination of population size and density, Table 5 compares Chinese provinces with industrialized countries (or regions) of similar population size. The Chinese provinces are typically much more densely populated than their counterparts elsewhere. The Chinese province of Anhui, for instance, has the same population size as Italy, but more than twice the density, 420 as compared to 189 person per km 2 • Spain has a population of 39 million, as does the Chinese province of Liaoning; but Spain's population density is 78 persons per km 2 while Liaoning's is 273. Densely settled Germany had a population of about 80 million in 1990-somewhat more than Guangdong (combined with Hainan). These Chinese provinces, however, have a much higher population density of 343 persons per km 2 as compared to 222 in Germany. All countries of Middle Africa combined have about the same population as the Chinese province of Jiangsu; the average population density in Middle Africa, however, is 11 as compared to 663 persons per km 2 in Jiangsu. As a last example, both Mexico and the Chinese province of Shandong have a population of some 85 million inhabitants; the Chinese province, however, has a population density 13 times higher than that of Mexico. The extremely high density of China's very large (and still mostly rural) population is a critical factor in the country's future development. Within the next five decades China will have to provide food, energy, employment, resources, and housing to roughly an additional 300 million people. These new people will need additional space for housing and urban infrastructure, predominantly in the eastern part of the country and its coastal zones, where space can often be taken only from cultivated areas. This competition in land-use activities is a core problem of China's-and th e world's-food security (Heilig 1996) .
Urbanization
China has long been the prototype of a rural society. After 1949, the government's closed-city policy effectively prevented rapid urbanization, and 72 percent of the population is still classified as rural (Statistical Yearbook of China 1994) . There are numerous methodological problems in the classification and projection of urban populations in China (Goldstein 1990; Ma and Cui 1987; Ma and Lin 1993) , but the general trend is clear. Attracted by the rapidly growing manufacturing and service sectors in towns and urban areas, and pushed by rural unemployment, millions of Chinese peasants will become urban dwellers in the near future. According to Chinese sources, the number of settlements classified as cities is projected to almost double within the next 15 years, from a current 570 to about 1,000. The United Nations Population Division is monitoring the population of China's 51 largest cities and urban agglomerations (United Nations l 995a). According to their estimates, which are based on Chinese reports, these cities had a total population of about 39 million in 1950. Today, their population is about 134 million. The UN recently projected that within 20 years their combined population would further increase to about 220 million. As shown in Figure 4 , for instance, Shanghai's population is projected to increase to 23 million by 2015, mainly due to rural-to-urban migration; Beijing's is expected to reach 19 million and Tianjin's nearly 17 million (United Nations l 995a). These projections appear fairly conservative, by comparison to historical trends. Between 1950 and 1995 China's largest city populations had an average annual growth rate of 2.8 percent. The UN projections imply that this growth will slow to an annual rate of 2.0 percent between 1995 and 2015 .
The State Statistical Bureau has estimated that the urban population of China will increase from 28 percent of the total population in 1995 to 50 percent in 2010. In its most recent assessment the United Nations Population Division has estimated an urban population of one billion in 2050- 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 Year SOURCE: United Nations (1995a ).
two-thirds of the total population projected for that year. In 1950 China's urban population was estimated at 61 million (United Nations l 995b). This 940 million increase in the number of city dwellers is bound to be paralleled by a major, although less than proportional, expansion of urban land use. The growth of China's cities and urban agglomerations depends, of course, on future political and economic conditions. In the 1970s and 1980s, the government sought to restrict the number of rural-urban migrants. However, there are good economic reasons to believe that even if China's government tries to maintain restrictions on spatial mobility, massive rural-urban migration and city growth cannot be stopped. Beijing and Shanghai already have so-called floating populations of between 1 and 2 million each. Powerful pull and push factors will generate-if necessary, illegalrural-to-urban migration.
First, there is a huge demand for low-wage rural labor in China's cities and other urban areas, due to rapid industrialization. Many construction companies already hire their unskilled workers directly from rural areas. The booming towns and cities also offer numerous opportunities for starting a small private business-from selling self-made household items to running a food stall or a street restaurant. Jobs and business opportunities, however, are not the only attractions of towns and cities. Cities provide better facilities for education, health care, and entertainment than the villages. Only strict control of mobility has so far prevented many of the young and energetic from migrating to urban areas. Without these controls a tidal wave of migrants would seek out urban opportunities.
Second, the large reservoir of the rural unemployed is likely to increase significantly in the next decades. As I noted above, between 1995 and 2050 China's population is expected to grow by about 300 million. Most of this growth will originate in rural areas, but it is unlikely that it can be fully absorbed there. Rural unemployment already exists, and the mechanization and modernization of agriculture will further reduce labor demand. Since 1978, agricultural machinery (tractors) available to farmers has increased by a factor of ten; nitrogen fertilizer input grew twelvefold. The size of the agricultural labor force will probably stagnate or even decline, as China moves further toward modern agricultural production methods (Rempel 1996) . Population growth and stagnating agricultural labor demand will probably generate a large excess rural population. According to official Chinese estimates the country may have some 100 million idle farmers (Li 1994: 168-169) . Other Chinese experts estimate that the surplus of rural labor is on the order of 150 million and could increase to 190 million by the year 2000 (Jiang, Feldman, and Zhang 199 5) .
The growth of cities and towns usually leads to a conversion of arable land into built-up areas, although increasing population density (e.g., "vertical growth" by means of high-rise buildings) somewhat moderates this 154 LAND-USE CHANGE IN CHINA effect. In contrast to agricultural land-use changes, which are usually reversible, transformation of arable land into built-up areas, such as highways or settlements, tends to be permanent or reversible only at very high costs. Table 6 reports increases in built-up land in 12 major urban areas of China in which such expansion was especially pronounced, either in absolute or in proportional terms, between 1989 and 1995.
Of course, not all land in urban areas is sealed off by houses or roads. Often a significant portion of urban land looks "natural," such as parks, gardens, or vegetation belts between highway lanes. It is not the appearance of land, however, but the purpose of its use, that determines how it is classified. The purpose of agricultural land is the production of food and other agricultural products; it serves the agricultural population as a source of food and income. Urban land, on the other hand, no matter how "green" it appears, provides space for housing, consumption, spatial mobility, recreation, education, and entertainment to people who earn their income in nonagricultural activities.
Urbanization not only causes an expansion of built-up areas but also has far-reaching indirect effects on land-use change. City dwellers need a much broader supply and service infrastructure than rural populations, from shopping centers to water reservoirs. They usually cannot build their houses with local products, such as clay or wood; instead, steel mills and cement factories are necessary for urban construction. They cannot collect firewood for cooking and heating, but depend on the production and distribution of commercial energy. Cities also need special areas for sewage treatment and waste disposal. In a village this is often done by reserving a certain spot behind the house. The process of urbanization usually triggers the growth of specific commercial sectors, supply infrastructures, and city-specific land-use forms, such as parks, recreation areas, and sport stadiums.
Economic modernization and industrialization
The economic reforms of 1978 were probably more important to China's future land-use patterns than any other single event in recent history (Yabuki 1995) . A decade after the dislocations of the Cultural Revolution and two years after Mao Zedong's death, China's leaders decided to gradually abandon the system of collective land ownership and centralized command economy. Family farming was reintroduced along with a limited system of agricultural markets. The impact was spectacular. Agricultural output increased rapidly and at rates well exceeding the rate of population growth. Within ten years, China's peasants almost doubled the production of rice. But the growth was not only in volume; decentralized planning favored diversification, and farmers began to concentrate on products in which they had a comparative advantage. Before the liberalization, central planners had often forced them to grow rice where it would have been more economical to grow wheat, or to keep pigs where they could have been raising cattle. The new flexibility broadened the range of agricultural production to non-rice crops, aquacultures, and various livestock. Consumption of meat, a scarce food item in the 1950s and 1960s, began to soar. Available statistics indicate the great expansion and increasing diversity of agricultural production after 1978 (see Figure 5 ). The growth of agricultural production from 1978 to the mid-l 980s was far more rapid than most observers anticipated. It was driven, as Barnett ( 1986: 7-8) noted, by the "deep-rooted entrepreneurial impulses among China's peasants that long have been suppressed." The spurt in agricultural productivity eliminated the greatest risk for the Chinese peasant: famine. Less than a generation after some 30 million people had died in the famine of the Great Leap Forward (Ashton et al. 1984 ), farmers could not only feed their families, but also increase their consumption of meat, fish, sugar, and fruits. For the first time, farmers could also generate enough money to buy such consumer goods as bicycles, televisions, and watches. National income statistics show the trigger effect of the 1978 reforms.
Chinese business acumen showed up with even greater clarity as the first wave of economic modernization in China began to subside in the mid-l 980s. The economic reforms not only returned farmland to the peas- ants, but also fostered the development of small-scale rural industries. These village and township enterprises were highly successful (Baum 1994) . Their number increased more than twelvefold, from 1.5 million in 1978 to 19 million in 1991, at which time they generated about 30 percent of China's gross national product-exceeding the share of agricultural output (Kristof and WuDunn 1994) . In the early 1990s further Dengist reforms stimulated peasants' engagement in countryside enterprises. Between 1991 and 1993, the number of such enterprises further increased from 19 million to almost 25 million (Statistical Yearbook of China 1994: 361) . With these reforms, the Chinese leadership successfully addressed three fundamental problems of any developing economy: it reduced the power of the central bureaucracy, slowed the migration of farmers to the cities, and provided an opportunity for rural people to learn about modern technology and business. Unlike state-run heavy industries, the town and village enterprises, which typically employ only a few dozen to a few hundred people, are owned by local governments, and their management is largely independent of national plans and regulations. Decentralized plan-ning facilitated innovation. While most enterprises started with the production of crude consumer goods for local demand, some of them soon switched to the production of more-profitable goods for urban and international consumers. Some rural enterprises are heavy polluters of agricultural land and most are still far from Western standards of efficiency, but they have helped to absorb excess agricultural labor-corresponding to an estimated total population of 100 million to 200 million. The greatest potential benefit of rural enterprises, however, is that they generate a broad cadre of managers and skilled laborers who are familiar with market mechanisms, understand technology, and have learned the discipline of manufacturing processes.
This broad base of trained human resources is a prerequisite for success in the third phase of economic modernization in China that started in the early 1990s and is in full swing today. It is characterized by rapid growth of the industrial, transportation, and construction sectors.
The geographical center of China's economic modernization is the heavily populated coastal provinces of Guangdong, Jiangsu, Shandong, Liaoning, and Shanghai, where in 1993 the gross domestic product was nearly 90 times higher than in the western part of the country. Guangdong's GDP alone was equivalent to the combined GDP of Xinjiang, Tibet, Qinghai, Gansu, Yunnan, Inner Mongolia, and Heilongjiang provinces. In other words, on 2.2 percent of China's total land area, the province of Guangdong generates the same GDP as the seven other provinces just listed, which cover almost 63 percent of the country's land area (see also Tuan 1993) . Economic observers suggest that the urban areas of the Yangtze Delta, which represent the centers of China's economic growth, will fuse into an extended metropolitan area as did the urban centers along America's east coast, from Boston through New York to Washington, D.C. (The Economist 1995) .
While Western scholars speculate about a China whose transportation problems would be solved (for the sake of decreasing global carbon dioxide emissions) by a mixture of reliance on bicycles and access to public transportation, China's planners have decided that road transport will be a backbone of the country's economy (The Economist 1996). And private car ownership is envisaged as the growth engine for this plan (Tyler 1994) . In late 1994, He Guangyuan, China's minister of industry, announced that "to increase car sales the state will introduce incentives to car buyers to boost market demand" (International Herald Tribune 1994) . In the summer of 1995, the Chinese government declared that the automotive sector will be the "pillar industry" of the economy. In the meantime, China's automobile industry, which was fragmented into some 125 state-run car manufacturers, is in the process of consolidation. Three or four large producers are expected to emerge from joint ventures with foreign companies, doubling annual car production from today's 1.5 million to 3 million in the How will this economic transition affect the use of land in China? A number of major trends can be anticipated. Expanding facilities for energy generation (water reservoirs), transportation infrastructure, and commercial buildings will consume valuable cropland in China. To meet economic growth, Chinese researchers have estimated, energy production will have to be increased by at least three to five times. Most of this energy will come from coal, but there are also plans to expand hydropower. The construction of reservoirs will directly affect land use in river valleys. Work on the $30 billion "Three Gorges" project, a massive scheme to dam the Yangtse River, was started only recently. This dam will drown some 46,000 hectares of fertile land (Topping 199 5) .
Further economic growth in China will require a massive expansion of the private transportation sector. Between 1978 and 1995, total freight traffic in China almost quintupled, from 983 to 3,573 billion t km (see Table  7 ). The modernization and commercialization of agriculture and the further expansion of industry need a much larger transportation capacity than do traditional farming and small-scale industries. Farmers have to supply distant markets within (and possibly also outside) the country. They need inputs (fertilizer, pesticides) that are produced in industrial areas and must be transported to rural areas. Export-oriented industrial production, which is rapidly expanding in China, generates a much higher transportation volume than traditional small-scale industries that supplied local markets. The growth of transportation infrastructure is already well underway. Highways, such as those between Guangzhou and Shenzhen, between Beijing and Shijiazhuang, and between Beijing and Tianjin, will cut through former rice paddies to connect the industrial and urban centers in China's eastern provinces. Between 1980 and 1993 the area of paved roads in urban areas more than quintupled, from 253 km 2 to 1,358 km 2 , and the per capita area of urban roads increased from 2.8 to 7.3 m 1996) . And all large cities in China will expand their perimeter due to an uncurbed construction boom.
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The automobile industry (which was also the growth engine of Germany's "economic miracle" in the 1950s and 1960s) is expected not only to boost China's economy, but also to transform its economic structure. Private trucks will stimulate economic flexibility and expand markets. Commercial road transport in China will accelerate the transition from an agricultural to an industrial and service economy. Small-scale producers and service enterprises will be able to reach distant markets and consumers. The automobile will also change everyday life in China. With a "people's car" (the Chinese actually use the same term as the popular German automobile, "Volkswagen") individual mobility 2 will greatly increase. (Heilig 1993 ) . Chinese cuisine may resist Western dietary trends. We know that urban populations consume different kinds of food than do peasants. An increase in the proportion of the population that is urban will affect China's overall food composition. Time-series data indicate that a significant change in diets has already occurred in China during the last few decades (see Figure 6 ). Cross-country comparisons are another way to examine future trends of food consumption in China. Other Asian countries, such as Japan and South Korea, have undergone changes in dietary patterns that help to predict the direction of the Chinese transition (see Table 8 ). And finally, cultural influences on Chinese food preferences, mainly coming from the West, may be more rapid and profound than expected. Several trends seem relevant in this regard.
China's meat consumption significantly increased during the past 30 years. Per capita output of animals slaughtered, for instance, grew from about 4 kg per year in 1961 to almost 30 kg per year in 1992. The increase of meat consumption in China was mainly due to increased consumption of pork. Mutton, veal, and beef are not very popular in China.
It is likely that the consumption of animal-based foods (meat, dairy products, eggs) will further increase in China. Other Asian countries, such as Japan, already consume relatively high levels of animal-based foods (see Table 8 ). If Hong Kong's dietary patterns are indicative of China's future food preferences, a massive increase in the consumption of animal-based food products (especially milk and meat) can be anticipated. The #West-ern" dietary pattern is probably most clearly represented by the United States. The US diet could be considered to represent an upper limit for the consumption of meat and dairy products.
What would be the land-use consequences of an accelerated trend toward an animal-based diet in China? A further increase of pork consumption would probably boost the demand for feed crops, such as corn and soybeans; the area devoted to soybean cultivation increased significantly during the last few years in China. While soybeans originated in China and were cultivated there nearly 5,000 years ago (Cheng 1993: 179) , the crop was not extensively grown before the late 1980s. The 1994 Statistical Yearbook reports the area of cultivation for soybeans beginning with 1992, when the figure was 8 million ha. By 1993 the total sown area of soybeans had increased to over 12 million ha. This is equivalent to the combined areas for the production of vegetables, tobacco, sugar, and tea. In Heilongjiang, one-third of all cropland is used for the cultivation of soybeans; in provinces with much arable land, such as Henan and Sichuan, soybean cultivation has increased to between 4 percent and 6 percent of total cropland. A further trend toward meat-rich diets in China would trigger a corresponding decline in areas devoted to the cultivation of roots and tubers. Parts of China's grasslands might be suitable for ranging additional cattle. Although far less popular than pork, beef is not unknown to Chinese cuisine, so it might be reasonable to consider the vast grasslands as one of the underutilized resources for food production. The main problem, however, is limited availability of water. Large herds of cattle would require the drilling of wells in dry areas. Even if there is enough water underground, massive ecological problems, like those experienced in the Sahel, could follow. Obviously, any expansion of pastoral systems in China has to take into account the close relationship between the productivity of livestock and existing ecological conditions. Pastoral systems can only increase production when they are adapted to the temperature, topography, availability of water, and vegetation and topsoil within the specific grassland area.
In addition to changes in diets, as people become more affluent they usually demand larger flats or move to suburban houses with gardens. Much economic growth would have to take place before Chinese cities expand into space-consuming suburbs. But even a modest increase in the demand for improved housing, and the likely splintering of large multi-generational Chinese households into nuclear-family households, are likely to boost land demand for urban housing. Between 1978 and 1995 the per capita living floor space had already increased from 3.6 to 8.1 m 2 in urban areas and from 8.1to21.0 m 2 in rural areas (Table 7) . China has recently reduced the number of working days per week from six to five. This immediately sparked a small-scale vacation boom. Recreational land use is still very small in China, but with increased wealth this will change. Official statistics already indicate a more than threefold increase in the per capita size of "public green areas" since 1980. Total passenger traffic in China has increased from 174 billion person km in 197 8 to 900 billion person km in 1995 (Table 7) .
In 1995, almost 6 million foreigners visited China, an increase of some 13 percent as compared to (International Herald Tribune 1996 . Altogether China had 48.4 million tourist visits in 1995, the majority by expatriate Chinese from Hong Kong, Taiwan, and Macao who visited relatives and friends (Table 7) . This influx of visitors not only generates earnings (209.8 billion yuan in 1995, or 3.6 percent of China's GDP) but will inevitably change attitudes and lifestyles. In China's largest cities, one can ob-serve Western-style weddings, beauty contests, gambling halls, cellular phones, fast-food restaurants, and luxury limousines (Zha 1995) .
Future political and economic conditions
Future land use in China depends heavily on how the country's leaders pursue reform. China may follow a course of further economic liberalization and gradual progress toward democracy; civil conflict might be sparked by regional diversity and popular discontent with political and civil repression; or a post-Deng "strong man" or power elite might curb economic and political reforms and recentralize authority (Segal 1994; Lieberthal l 995a, l 995b; Lam 1995) .
Under the most optimistic scenario, China would realize a unique achievement among the communist states of the twentieth century: a smooth transition from command to market economy, a gradual liberalization of society, and a peaceful transition to democracy (Overholt 1993 ) . The China of the twenty-first century would be more open to the outside world, wealthier, and more regionally diverse. There would be more individual freedom, greater political participation and economic flexibility, but probably also more corruption and greater disparities in income and wealth (Lieberthal l 995a; l 995b; Miles 1995: 147ff) .
Land use under this political scenario would be increasingly dominated by market mechanisms. Private owners and local government-not a remote central bureaucracy-would make the key decisions about land use. The price of land would greatly determine the purpose for which it is to be used (see World Bank 1993). Private farmland in close proximity to large cities and towns would be quickly converted into residential suburbs and commercial sites.
If China's agriculture moves toward a market system, consumer demand will primarily determine how the arable land is used. This is a clear lesson from Europe and Northern America. Thus, changes in income, food consumption, and other socioeconomic conditions would be major driving forces of land use.
We can assume that in the "economic growth" scenario just outlined, China's agricultural land-use patterns would be fragmented, highly variable, and regionally diverse, due to individual decisionmaking of landowners and changing consumer demand (Wang and Murie 1996) . Much land would be transformed for urban use or as industrial sites. The rapidly growing industrial economy would require a significant expansion of transportation infrastructure, which would not only cut through cultivated areas, but also open up previously remote areas to settlement and resource exploitation. Much more land than today would be needed as parks and recreation areas for the expanding urban population.
While most professional China observers predict continuous economic and political development for the country, adverse alternative scenarios cannot be overlooked (Krugman 1994; Hornik 1995) . As Arthur Waldron ( 1995) has pointed out, "substantial-and not evolutionary or gradualchanges are not only possible but likely." The greatest threat to China's economic and political stability comes from within the system, namely the contradiction between economic liberalization and ongoing political control. China's small but growing middle class of successful managers, entrepreneurs, and professionals may resist the top-down control of the communist bureaucracy. Students and intellectuals may not be kept quiet forever. To compete in international markets, the economy needs competent managers who know the world. But those who are sent abroad have seen individual and political freedom and may demand some of the same back home. Equally explosive might be the rapidly growing regional diversity that is also a result of China's economic success. The country's vast size has always been a threat to its unity, but the threat will be even greater as the provinces drift further apart in their economic performance.
Another possibility for China, therefore, is that the leaders might recentralize the power structure. The land-use consequences of a return to central authority and communist economy would probably be a slowdown of urbanization-partly due to stricter control of mobility, partly due to a brake on urban economic growth. With a reestablishment of central planning, land cultivation would become more homogenous. In the current system of family farming, peasants have some incentives to increase productivity: they can use part of their production to generate private profits, by selling it either on urban markets or to state agencies. Hence, farmers will try to optimize land cultivation, a goal that is neither necessary nor possible with centralized political control, since land use is determined by a general economic plan.
Conclusion
I have identified five anthropogenic factors as major driving forces of landuse change in China: population growth, urbanization, industrialization, changes in lifestyles and consumption, and shifts in political and economic arrangements and institutions. A first set of empirical data has been collected and briefly described here to delineate the demographic and socioeconomic changes that are likely to affect future land use. I also presented further evidence that China's cultivated land area is more seriously underreported than previously recognized.
In the next half-century the population of China is likely to grow by some 300 million inhabitants. Rural-to-urban migration and the growth of cities and industrial infrastructure will be the dominant factors in land-use 166 LAND -USE CHANGE IN CHINA change, particularly in the densely settled eastern provinces. Lifestyle adjustments reflecting growing incomes and changing cultural influences will result in greater consumption of animal-based foods, demand for larger apartments or suburban houses, and a massive expansion in private means of transportation. Private farmland close to booming cities will be rapidly converted into residential and commercial sites. Finally, under the most optimistic political and economic conditions, China will be not only wealthier, but also more open to outside influences, and more regionally diverse. For such a development, greater income disparities will be one of the prices to pay.
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